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3a,z];aHi HaiiKpaiupro Bi^HOBJieHHH Ha KJiacax, iu,o 3a,zj,aiOTBC5i 
oSMe^ceHHHMH Ha ^eKijibKa CTapuinx noxi^HHX 4)yHKu;iH 

B. O. Ba6eHKO, O. B. KoBajieHKO 

1 riocTaHOBKa sa^ani i orjia,!]; bI^omhx pe3yjibTaTiB 

Hexafi 3a^;aHo npMHOJKHHy 201 mhojkhhh C HenepepBHHx 2 tt - nepioypiHHiix (^yHKpifl x(t) i hhcjiu 
0 < Ui < U 2 < ■ ■ ■ < U2n < 27T, U := (ui, . . . , U 2n )• 

^OBijibHy (J)yHKn;iio $: R 2n —> R mh 6yn;eMO Ha3HBaTH MeTOflOM Bi^HOBjieHHH 3HaueHHH (J)yHKn;ii 
x G 201 b Toupi r G [0, 2n), a BejiiiHHHy 

e(20l, u, $, r) := sup | x(r) - <f>(x(ui),..., x(u 2n )) \ 
x &art 

— nOXuSKOIO Bi^HOBJieHHU MeTO^OM <f>. 

Bayyiua nauKpaiuoro BuinoBuenHu suaueiTiTu (|)ynKiiii x G 201 b to nip r 3a ii siTaueunuMH b TouKax 
u (J)opMyjiioeTBC2 HacTynHHM uhhom. 

3a,a,aHa 1 3naumu naunpaipy noxu6Ky eidnoeneHnn 

EUJ51, u, r) := inf e(SHT, u, <f>, r) 

$ 

a manooic Haunpaipuil Memod eidnoeAenuH <f> 7 ua nnoMy docAsaembCA uaunpaipa noxu6na eidnoeneHUH. 

5Ikiii;o Hac pixaBUTB bch (J)yHKn;iji x(t), a He tuibkh ii 3HaueHHH b cjuKcoBamH Toupi r, to BiiHincae 
Banana HafiKpaiporo BiypiOBjieHHH (J)yHKH,ii x G 201 3a 'i'i 3HaueHHHMH b tohkbx u . 

^oBijiBHy (J)yHKH;iio 'I': R 2n —> C mh SypeMo Ha3HBaTH MeTo^oM BiypioBjieHHH c^yHKipi x G 201, a 

BejIHHHHy 

e(20l,u, || • ||) := sup || x - ^(t(ui), .. .,x(u 2n ))|| 

x&n 

— nOXIlSKOIO Bi^HOBJieHHH MeTO^OM 'P (|| • || — fleHKa HopMa b npocTopi C). 

3a,a,aHa 2 3naumu Haunpaipy noxudny eidnoeAenun 

E{m,u, || • ||) := inf e(DJt, u, 'f, || • ||) 

a maKocHC HauKpaw ) uu Memod V I / , na nnoMy docnzaembCH uauKpaipa noxudKa eidHoeneHHA. 

KpiM toto, uiKaBHM e nuTannu npo nanKpaipe po3TamyBaHH5i i e icpoj) m aiii ittttix BysjiiB. 

3ayi,aHa 3 3uaumu eenmop u*, na nnoMy docnzaembcn 

E(20l, || • ||) := inf E(20l, u, || • ||). 

U 

Bi^MiTHMo, rn;o mh cTaBHMo 3a,n;aHi Bi,n,HOBjieHHH 3a iHc^opMapifiHHMH MHoxcHHaMH, ipo mIcthtb napHy 
KijiBKicTB By3JiiB. D,e ripupo^Ho b cnjiy cneipicjHKH nepioypiHHHx (JyynKniiu ajie He e o6ob’h3kobhm. 
BiyoMi HacTynHi pe3yjiBTaTH, m;o cTocyioTBCH BKa3aHHx 3aya T i HafiKpaiporo b iyuio b.jt(Tt n> t. 
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1. 5DT = W^. Buna^oK, kojih u — piBHOMipHe po36htth, po3rjiHHyTo b poSoTax B. M. TuxoMipoBa ra 
(sa^a^ia [2] b MCTpurii npocTopy C) i O. A. >KeHCHK6aeBa |4] (3ay;a T ia 0 b MeTpupi npocTopy 
L p , 1 < p < oo). B [T] B. JT. Bejiixm, 30KpeMa, noxasaB, in;o po3b’h3kom 3a,n;aHi [3] b MeTpuKax 
npocTopiB C i Lie piBHOMipHe po36htth. 

2. 93T = W r H UJ = {x G C r : uj(x^ r \t) < cu(t)}, ,n,e c u(t) — 3a,n;aHHH Mo,n;yjiB HenepepBHocTi, r = 0,1 
(^;hb. M. n. KopHefinyK |8j). 

3. 9Jt = W^ a = {/ G \Lx(t)\ < cr(t),t G [0,27r]}, flel- ^nc^epeHpiajibHHH onepaTop nopa^xy 
r, cr(t) — flo^aTHa HenepepBHa cjiyHKiim (phb. B. /J. Bohhob [3]). 

Y BHna^Ky, kojih u — piBHOMipHe po36iitth, po3b’h30k 3aflani [2] fljiH HacTynmix KjiaciB cjiymopH 

MicTHTBCH b MOHorpacjiii [[IQ] . 

4. dJt = W 2 b MeTpnpi npocTopy L 2 . 

5. dJt = W p b MeTpupi npocTopy L\. 

iHini pe3yjiBTaTH, mp crocyioTBCH 3a,n,aH onTHMajibHoro Bi^HOBjieHHH a TaKoxc no^ajibiui nocHjiaHHH 
MoiKHa 3HaHTH b cTaTTHx [2l fl2l 11514171120 ] a thkojk MOHorpacJiiax [5l lin[IT8HT9ll2Tj . 

r,d G N, pijiHx nuceji 0 < k\ < ... < ka < r, k := (ki, fc 2 ,..., ha), i flO^aTHHx Hiiceji 
M kl ,..., M kd , M := (M kl , Mk 2 ...., M kd ), no3HaHHMo nepe3 W£,(M, k) Kjiac 27r - nepioflHHHHx cJiyHimiH 
x G TaKiix, m;o ||a4 fei )|| < Mfc. ^jih Bcix k — 1 ,,d. 

Mh 6yn;eMO po3rjis,n,aTH HacTynHi HacTinnii BHna^KH KjiaciB W£,(M, k): 

1. d — 2, ki — r — 1, k 2 = r; 

2. d = 2, k\ = r — 2, k 2 = r; 

3. d — 3, ki — r — 2, k 2 — r — 1, k 3 — r. 

Y Bcix BHna^Kax, m° posrjismaioTBCH, mii 6yn,eMo BBaxcaTH, mo M r = 1. 3aMicTB W£j(M, k) 6yn,eMO 

micaTH W^_ l (M) y BHna^Ky, kojih M = (M, 1), k = (r — 1, r); W 7 r ._ 2 (M) y Bnna^Ky, kojih M = (M, 1), 
k = (r — 2, r) i W^_ l r _ 2 (M, N ) y Bima/my, kojih M = (M, iV, 1), k = (r — 2, r — 1, r). 

Hepe3 u(f) 6yn;eMO no3HaHaTH hhcjio icTOTHiix 3MiH 3HaKy nepio^HHHoi’ cJiyHKim / Ha nepiopi; nepe3 
u(f, [a, 6]) — hhcjio icTOTHiix 3MiH 3HaKy (JiyHKmi / Ha Bmpi3Ky [a, b]. 

Iipijiio flaHo'i cTaTTi e po3B’H30K 3a^an [Tj- [3 ] rjis KjiaciB W^_i{M), W^_ 2 (M) i W*_ x r _ 2 (M, N). 


2 ^^(M, kj-i^eajibHi ciuiaimH 3 3 a^aHHMH HyjiHMH 

03HaneHHH 1 OynKi^im x(t) G W^_ x (M) 6ydeMO ua3ueamu W^_ 1 (M) - ideaAbHUM cruiauHOM 3 ey3- 
jicimu e moHKax t\ < i 2 < ■ ■ ■ < t-2n+\ '■= 271 + t\, AKiyo djift komcho20 k = 1 ,... ,2 n icHymrm, hucjicl 
cifc G [0,tfc + i — tk\ i £k — ±1 vnani, u^o x^ r \t) = ek na mmepecuii ( tk,tk + a^), x^ r \t) = 0 na inmepeaM 
(4 + «fc,4+i) i = e k M na inmepeam (4 + a k) t k+ 1 ). 

03HaneHHH 2 OynKyin) x(t) G W^_ 2 {M) 6ydeMO ua3ueamu WjT_ 2 (M) - ideuAbHUM cuacluhom c ey3- 
ACIMU 6 moHKax 4 < 4 < ■ ■ ■ < 4n+l := 27T + 4; AKU/,0 3aH K0CHCH020 k = 1, . . . ,2n icnytomb HUCAa 
a k G [0, tfc.fi — 4 ] * £k — ±1 mani, mo x^ r \t) = e k na mmepeaAi (4,4 + ^); x( r \t) = —e k na mmepeaAi 
(4 + ^,4 + «fc)? x^ r \t) = 0 na mmepeaAi (4 + Qffc,4+i) * x^^(t) = e k M na mmepeaAi (4 + ctfc,4+i)- 
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03HaHeHH» 3 OynKyito x(t) G W^_ lr _ 2 (M, N) na3eeMo W^_ lr _ 2 (M, N) - ideaAbnuM cruiaunoM c 
6y3AaMU e moHKax t\ < 4 < ■ ■ ■ < 4n+i 27T + t\, AKiyo 3 aa KOOtCHOZO k — 1,..., 2 n icnywmb HUCAd 
a k £ [0, tfc + i — t k ], f3 k G [0, QTfc] i £k = ±1 mani, w,o x^ r \t) = £k na inmepeaAi (4,4 + x^ r \t) = 0 

na inmepeaAi (t k + 4p,4 + ag, — 4r) , x^ r \t) = —na inmepeaAi (t k + oi k — lr,4 + a k ), x^ r \t) = 0 
na inmepeaAi (t k + a k ,t k +i), c6 r_1 66 = £ k N na inmepeaAi (t k + 2 ,t k + — 2 ) * x^ r ~ 2 \t) = £ k M na 

inmepeaAi (t k + a*,, 4+i)- 

TeopeMa 1 Hexau 3adano namypaAbni nucAa ngNi nucAa 0 < u± < U 2 < ■ ■ ■ < U 2 n < 27r. Hexau X 
no3nauae odun 3 KAacie W^_ l (M), W^_ 2 (M) a6o W^_ lr _ 2 (M, N). Icnye X - ideaAbnuu cnAaun 3 2 n 
ey3AaMu, u^o Mae nyAi e mounax u±,U 2 , ■ ■ ■, U2n- 


Hexafi X = W;_ X (M). 

B npocTopi IR 2n po3rjiHHeMo ccjiepy S' 2 " -1 pa^iyca 27r, to6to 


n2n— 1 


2 n 

£ = (6,6,---,6n): ^I6I = 2 ttI 

i =1 J 


Koxtmft TOHpi £ G S 2n 1 nocTaBHMO y Bi nnoB i/T HicTR po36htth Bi,npi3Ky [0,27r] TOHKaMH to := 0,4 : = 

|6|,6 ■■= 161 + 161, • • -,hn-l ■■= TZi 1 161 Mn ■= YZl 161 = 2vr. 

, 6 jin KoxcHoro k — 1,..., 2n noKjiafleMo 0i(6 1) = sgn£*. • min (t — t k - 1 , M) Ha Bi,gpi3Ky [t k -i, XziX±\ ■ 
01 (6 1) = sgn6 • min (4 -t,M) Ha Bi,gpi3Ky [ tk ~\ +tk ,t k \. TaKHM hhhom mh BH3Ha T iHjiH HenepepBHy 
(j^ymcpiio 0 1(6 1) Ha BCBOMy Bi,api3Ky [0, 27r], npiiHOMy fljia Bcix k — 0,1,..., 2n MaioTB Micpe piBHoexi 
0i (64) = 0. 

k — 2,..., r — 1 noKjia^eMo 


0666 


2n t 


0 fc-i(6 s )ds - 


2t r 



0 fc-i(6 s)dsdt. 


0 0 


t 

IIoKjiafleMo 0666 = / 0r— 1 (6 s)ds~ Bii 3 HaHHMo B 6 o 6 pa>KeHHH 77 : S ' 2n ~ 1 —> M 2n HacTynHHM hhhom. 

Ml 


77(0 : = / 0l(66 rf 60r(6«2),0r(6 %), ■ ■ ■ ,0r(6«2n) 


B cHjiy noSygoBH (JiyHKpii 066 6 BifloGpaaceHHH 77 HenepepBHe i HenapHe. 3ri,gHo 3 TeopeMoio Bop- 
cyxa (a hb - [HJ) icHye HyjiB £* G S 12 ^ 1 (JiyHKpii 77 . H,e o 3 Hanae, in;o 066,^6 = 0, k = l,...,2n i 

27r 

J 066,6^ = 0- OcTaHHH piBHiCTB fl03BOJIHe HaM nepio^HHHO npOflOBJKHTH (JiyHKpilO 0r(6,6 Ha BCI ° 
0 

BicB 3 i 36epejKeHHHM rjia^KocTi. B cnjiy noSygoBH (0y HKI ii® 0 r (66 0r(6,6 — i(M) - 

ifleajibHHH cnjiafiH c By3JiaMH b TOHKax po36htth. KpiM Toro, 0 r (6,6 Mae Hy^i B 3agaHHx TOHKax 
«i, 7 x 2 , • • •, W 2 n- TaKHM hhhom 0 r (6,6 — HiyKaHHH B / 0_ 1 (M) - ifleajibHHH cnjiafiH. TeopeMy y BunagKy, 
kojih A' = W;_ 1 (M), flOBefleHo. 

Hexafi Y = W;_ 2 (M). 


Hexafi G i, a G [—iW, M], b G 


0, 


BlI3HaHHMO (JiyHK 11 .! 10 


0 fe (a, 0; 6 : [a, a + |0| ] ->• R 
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HacTynHHM hhhom. ipb(ot, P\t) = t — a Ha Bi^,pi3Ky [a, a + b\, ipb(ot, /3]t) = a + 2b — t Ha Bi^pi3Ky 
[a + b,a + 2 b\, ipb(ot, /3; t) = 0 Ha Bi^pi3Ky [a + 26, a + |/3|]. 

IIoKjiafleMo 


H := max < b G 

l 

o 

bO | 'CX) 


t. 

a + sgn (3 / ipb(cn, f3] s)ds 

l 



«/ 

a 


< MVt G [a, a + 


i ip (a, /?, a; t) a + sgn/3 / iPb(o(, /3; s)ds. Bi^MiTHMO, mo cnpaBe^JiiiBi HacTynm piBHOCTi: 


ip'(at, f3, a; a) = ip'(a, /3, a; a + |/3|) = 0. (1) 

/Jjih HaTypajiBHoro nncjia m G N i BeKTopa £ — (Cij • • • > Cm) £ R m BH3HaHHMo (^ymcpiio 


ip(a,C, a ;t): 


+ ^2 1 Cfc 


a,a-t- 7 |t,fc| 

fc=i 




HacTynHHM hhhom. Ha Bi^pi3Ky [a, ck+|Ci| ] ip(ot, C, o; £) = ^(cp Ci>0; Ha Bi^pi3Ky [a+|Ci|, «+ |Ci| + IC 2 I ] 

ra—1 m 

a + X) IGcIi« + Y 1 Cfc I 


ip(oc, c, «; £) = ip(a + IC 1 I, C 2 , fp(ot, (,a;a+ |Ci|); 0; i Tax flajii, Ha Byipi3Ky 


fc =1 


fc=i 


771—1 


771—1 


il>(a,(,a]t) = ipl a + '^2 \( k \,(m,ip la,(,cr,a+ ^ |C fc | ;i 


fc=i 


fc=i 


^jih BeKTopa £ = (£ 1 ,..., £ 2 ™) £ S' 2 " -1 i a G [—M, M] noRjia^eMo ^(C, a; i) = ^(0, £, a; t) (cj^ymajm 
ip(£,a; t) BH3HaneHa Ha Bmpi3Ky [0, 2tt]). 

Hexafi a G (M, M + vr] i £ = (£ 1 , ■ ■ ■, C 2 n) G <S' 2n ~ 1 . Hexafi, KpiM Toro, m^enc i G {0, 1,..., 2n — 1} 


TaKHH, m;o a — M G 


i +1 


Y ICfcl, Y ICfcl ) (Co := 0 ). 

_ fc =0 fc =0 / 

BH3HaHHMo 4)yHKH,iio "(/>(£, a; £): [0, 27 t] —>■ R HacTynHHM hhhom. noKjiafleMo ip( £, a; t) = M Ha Bi^pi3- 
Ky [0, a — M] i -i/>(£, a; £) = ip (a — M, £, M\ t) Ha Bmpi3Ky [a — M, 2n], 


c 




— a + M 


> Ci+2} Ci+3) • • • 5 £ 2 ^ 


G R 2n “\ 


AHajiorinHO BH3HaHHMO 4)yHKH;iio ip(£,a]t): [0, 2tt\ —* R fljia £ = (£i,...,£ 2 n) G 5' 2n 1 i a G [—M 


it, —M): Hexafi m,neKC 1 G {0,1, ..., 2n— 1} TaKHfi, m;o — a—M G 


i+l 


Y iCfcl, E iCfcl (Co := 0). noKjia^eMo 

\_k=0 k =0 / 

V’(C) a; i) = — M Ha Bmpi3Ky [0, —a — M] i ip(£, a; t) = ip (—a — M, (, — M; t) Ha Bi,zi,pi3Ky [—a — M, 2n\, 
C — ( Sg n Ci+l ■ ( ^2 ICfcl + a + M ) J Ci+2) Ci+3; ■ ■ ■ ■ C2in ) ^ ^ 2 " *• 




, fc =0 


TaKHM hhhom fljiH Bcix a G [—M — n, M + 7r] i £ G S' 2 ”” 1 mh BH3HaHHjiH (J)yHKH,iio ^(C, a; t): [0, 2n] —)■ 
R. 3a no6yn;oBoio (J)yHKH;iH ip(£,a]t) HenepepBHa Ha [0,27r]. KpiM toto b cnjiy (pQ) BOHa HenepepBHo 
AHc^epeHpifioBHa Ha [0, 27r]. !'*/’(£, a; t)| < M npn Bcix t G [0, 27r]. Hkih;o £ G S' 2 ” -1 i —M — tt < a\ < a ,2 < 
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M + 7r, to fljia Bcix t G [0, 27r] cnpaBe^jiHBa HepiBHicTB -0(£, ap t) < ip(£, 02 ; t). BmMmiMo nip, 4)yHKn;ii 
a; i) HenepepBHo 3ajie>KaTB Bm napaMeTpiB a i £. 

27T 27T 

3a no6yflOBOio ^Jia Bcix £ G S' 2 ™ -1 J M + 7r; t)dt > 0 i f —M — 1 r; t)dt < 0. ToMy icHye 

0 0 

hiicjio A = A(£) G (—M — 7r, M + 7r) Taxe, 111,0 

2?r 

J *!>(£, A-,t)dt = 0. ( 2 ) 

0 

IIoKjia^eMo </> 2 (£; t) := -0(£, A\ t). ,Hjih /c = 3,..., r — 1 noRjia^eMo 




27T t 


0 *_i(f,s)ds - 


2?r 



0 fe _i (£,s)dsdt. 


0 0 


t 

IloKjia^eMO <fr r {€)t) = f </> r _i(£, s)ds. 

ui 

2 ir 

BiflMiTHMO, mo fljis k = 1, 2,..., r — 2 i k = r J (/y (£; t)d£ = 0. 

0 

BH 3 HaHHMO BmoSpaJKeHHH 77 : S ' 2 ” -1 —> M 2n HaCTynHHM HHHOM. 




B cHjiy no6y^;oBH (JiyHKH;ii (f> r (£,t) BmoSpaHceHHH 77 HenepepBHe i HenapHe. 3rm,HO 3 TeopeMoio BopcyKa 

2n 

icHye HyjiB £* G S 2n ^ 1 (JjyHKpiT 77. D,e o3Hanae, mo <t> r {Ci u k) — 0, k — 1,..., 277 i J (j>r 1 \^*,t)dt = 0. 

0 

OcTaHHH piBHiCTB fl03BOJIHe HaM nepiOflHHHO npOflOBJKHTH (J)yilKnilO <f) r (£*,t) Ha BCK) BiCB 3i 36epe>KeH- 
hhm rjia^KocTi. KpiM Toro </y(£*, t) ^opiBHioe Hyjno b 3a,n,aHHx TOHKax u\, u 2 , ■ ■ ■, u 2n . 

BKmo hhcjio A = A(£*), mo cjiirypye y piBHocTi fl2l) . 3HaxomiTBC5i Ha Bmpi3Ky [— M, M ], to c^ymajm 
4>r(£*,t) — W;_ 2 (M) - meajiBHHH cnjiaftH 3 By3JiaMH 0, ti,..., t 2n _i. npunycTiiMo, mo A = A(£*) G 
(M+7T, M). Hexafi £* = (£*, • •., £ 2n )- Ockuibkh (JiyHKiim 0 r (£*, t) Mae 2 n HyjiiB, to (JiyHKiim (j)l r 
Mae 2 n 3MiH 3Haxy, a oT>xe A — M G [0, |£*| ]. Tom c^yHicpis (f> r (£*,t) — W$_ 2 (M) - meajiBHHH cnjiaflH 
c By3JiaMH b TOHKax t\ — A + M, t‘ 2 , t's ,... ,t 2n -1 + A — M. AHajiorinHo aobo^htbch, mo <t>r(£*,t) - 
W;_ 2 (M) - meajiBHHH cnjiaHH i y Biina^xy, kojih A = A(£*) G (— M — 1 r, — M ). 

TaxiiM hhhom (j) r (^*,t ) — HiyKaHHii W^_ 2 (M) - meajiBHHH cnjiaHH. TeopeMy y BHna^Ky, kojih X = 
W;_ 2 (M), flOBefleHo. 

/^OBefleHHH TeopeMH y Buna n xy, kojih X = W r r _ x r _ 2 (M, N ) aHajiorinHO flOBe^eHHio y Bima/my X = 
B / r r _ 2 (Tf). Tpe6a jinine 3aMicTB c|iyHKniV ijj b (a,/3]t) po3rjiaflaTH cJ)VHKii,iro mm{'ip b (a,/3]t), N}. TeopeMy 
flOBe^eHo. 


3ayBa>KeHHH 1 Hexau 3adano hucacl n G N * 0 < u\ < u 2 < ... < u 2n < 2n. Hexau X no3Hauae odun 
3 KJiacie B / r r _i(M) ; W^_ 2 {M) ado W^_ l r _ 2 (M, N). Hepe3 <j)(u; t ) = 4>(X, u\t), u := (ui,, u 2n ) dydeMO 
no3uauamu X - ideaAbHuu cnAauu 3 2 n ey3AaMU, w,o dopiemoe nyAto e mouKax ui,u 2 ,..., u 2n . 
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3 lHTepnoji5nj;iHHi cnjiaHHH 

Hexafi X no3HaHae o^hh 3 KjiaciB W^_i(M), Wft_ 2 (M) a6o Wft_ lr _ 2 (M,N). 

03HaneHHH 4 Po36ummn 

A 2n '■ t\ < t 2 < ■ ■ ■ < 4n+l = 27 T + t\ 

6ydeMo na3ueamu X - nopMaAunuM, hkw,o icnye X - ideaAbnuu cnnaun (ft 3 ey3AaMu e mounax po3- 
6ummA A 2n , w,o Mae 2 n nynie na nepiodi. 

Hexafi 3aflaHo Wft_±(M) - HopMajibHe po36htth A 2n . Hexafi <fi(t) — Wft_ l (M) - meajibHiifi cnjiafiH c 
By3JiaMH b Tonxax po36iiTTa A 2n , mo Mae 2 n HyjiiB. Hexafi, ax i y Bii3HaHeHHi [Q W,T_i(M) - meajiBHHx 
cnjiafimB, micjia a k G [0, — 4] Taxi, mp (jx > (t ) = ±1 Ha iHTepBajii (4,4 + ot k ) i ^ r \t) = 0 Ha 
iHTepBajii (4 + a k , 4+i), k — 1,..., 2 n. 

03HaaeHHH 5 Oynnyim s(t) G 6ydeMO na3ueamu Wft_ { {A4) — cnnaunoM 3 ey3AaMu e mounax 
po36ummH A 2n , hkvu,o s^ r \t) = c k ua inmepeojii (4,4 + a k ), s^ r \t) = 0 ua inmepeani (4 + a k ,t k+ i), 
k = 1,.. .,2 n, ci ,..., c 2n G R. 

Hexafi 3a^;aHo Wft_ 2 {M) — HopMajibHe po36htth A 2n . Hexafi <ft(t) — Wft_ 2 (M) - meajiBHHft cnjiafiH 3 
By3JiaMH b TOHKax posGhtth A 2n , mo Mae 2 n HyjiiB. Hexafi, hk i y BH3HaHemii[2 ]Wft_ 2 (M) - meajiBHHx 
cnjiafimB, HHCJia a k G [0, 4+1 — t k \ Taxi, mo <ft^ r '(t) = ±1 Ha iHTepBajii (4,4 + (ft^(t) = 4=1 Ha 

iHTepBajii (4 + ^ L , t k + a k ) i <ft^ r \t) = 0 Ha iHTepBajii (4 + a k , t k+ 1 ), k = 1,..., 2 n. 

03HaneHHH 6 OynKyim s(t) G L^ 6ydeMO na3ueamu Wft_ 2 (M) — cnnaunoM 3 ey3AaMu e monnax 
po36ummn A 2n , hku\o 

1. s^it) = c\ na inmepeani (t k ,t k + i s( r \t) = cl na inmepeaAi (4 + + oi k ), c\,c\ G R, 

k = 1,..., 2 n; 

2. s^ r \t) = 0 na inmepeaAi (t k + a k , t k+ 1 ), k — 1,..., 2 n; 

3. s( r-1 )(£ fe ) = 0 3ah mux k, 3 ah hkux \(ft^ r ^ 2 3 \t k )\ = M; 

4- c\ = c[ +1 3ah mux k, 3 ah hkux \(ft( r ~ 2 \t k )\ < M. 

Hexafi 3aflaHo Wft_ x r _ 2 (M, N) — HopMajiBHe po36iitth A 2n i H / r r _ 1 r _ 2 (M, N ) - meajibmifi cnjiafiH <ft(t) 
3 By3JiaMH b TOHxax P 03611 TTH A 2n , mo Mae 2 n HyjiiB. Hexafi, ax i y BH3HaneHHi [3] H / 7_ 1 r _ 2 (M, N) - 
meajibHiix cnjiafimB, micjia a k G [0, t k+ \ — t k \, f3 G [0,«fc] Taxi, mo <ft^ r \t) = ±1 Ha MHOJXHHi (t k ,t k + 
<ft (r \t) = =Fl, (tk + t k + a k ) 0 (r) (t) = 0 Ha MHOHaiHi (t k + t k + a k - &) (J(4 + a k , 4+ 1 )- 

03HaneHHa 7 OynKyito s(t) G L 1 ^ 6ydeMO na3ueamu Wft_ t r _ 2 (M, N) — cnnaunoM 3 ey3AaMu e mou- 
Kax po36ummn A 2n , hkw,o 

1. s^(t) = cl na inmepeani (4,4 + 4r) i s^ r \t) = cl na inmepeaAi (t k + a k — 4^, t k + a k ), c\,cl G R, 
k — 1,..., 2 n; 

2. s^ r \t) = 0 na inmepeanax (t k + a k , 4+i) ma (t k + t k — ^ + a k ), k — 1,..., 2 n; 

3. = 0 3ah mux k, 3 ah hkux \(ft( r ~ 2 \t k )\ = M; 

4- cl = 4 +1 3ah mux k, 3 ah hkux \<ft( r ~ 2 \t k )\ < M. 
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IIosHaHHMo nepe3 S(X ; A 2 n ) mhojkithv Bcix X - cnjiafimB no po36httio A 2 n - BypvriTHMO, ipo S(X] A 2 n ) 
e 2 n - BHMipHHM jiimiimiM npocTopoM. 

CnpaBe^jiHBe HacTynHe t bc p/pKe it tt >t. 

JleMa 1 Hexau X no3nauae odun 3 KAacie W^_ lr _ 2 (M, N), W^_ X {M) a6o W^_ 2 {M) i 3adano X - 
Hop.Ma.mjHe po36ummn A 2 n . Hexau, npiM mozo, mourn Tj., k = 1,2,..., 2 n, 3adoeoAbHAK>mb nepie- 
HocniAM, Uk < Tfc < Uk+i, U 2 n+i '■= wi + 2ir, de Uk — nyAi eidnoeidnozo X - ideaAbnozo cnAauna 
(j)(X\t), k = 1,2, ...,2 n. Todi Oaa Sydb-nnozo na6opy uuceA y\,..., ipm icnye edunuil X - cnAaun 
s(t ) G S(X; A 2n ), iu,o 3adoeoAbHAe yMoeaM 

s{r k ) = yk, k = 1,... ,2n. 

poBepeHHH jieMH [H HaM 3Ha,ri;o6HTBC2 HacTynHa jieMa. 

JleMa 2 Hk ipo euKouaui yMoeu AeMuUl i Oaa cnAauna s(t ) G S(X; A 2n ) euKonymmbCH cnieeidnouiennA 


s('Tfe)! < \<f>(X]T k )\, k = 1,..., 2n, 


(3) 


mo 


A r ) I 


< 1. 


npnnycTHMo cynporaBHe, Hexan: lls^Hoo > 1. IloKjia^eMo s*(t) := g . —, e = ±1 (3HaneHHH e mh 

11 S ' 11 oo 

BnSepeMo ni3Hime). Topi 

ll4 r) IU = i. (4) 


B cnjiy cniBB i TT HOTTTeHB (13|) BHKOHyioTBcn HepiBHOCTi |s*(rfe)| < \(f>(X]Tk)\, k = 1,...,2 n. H,e 03Ha- 
nae, ipo pi3HHH;H 5(t) := s*(f) — 0(X;f) Mae He Memne Hint 2 n 3Min 3HaKy, ockuibki-i sgn (j>{X\Tk) = 
-sgn <j)(X-T k+ i), k = 1,..., 2 n. 

^jih cKoponeHHn 3annciB y poBepeHHi pie’i jieMH SypeMo nncaTH <fr(t) 3aMicTB <f>(X] t). 

Hexan X = W^_ 1 (M). BnGepeMo £ Tan, ipoS pjiH peHKoro k = 1,... ,2n Mannce Bciopn Ha iHTepBajii 


t G (tk,tk+i) BHKOHyBajiacB piBHicTB s* (t) = (j)( r \t). IJ,e mojkjihbo b cnjiy (J3J) i BH3HaneHHH H / r r _ 1 (M) - 
cnjianmB. OyHKpin <n r ' He 3Mimoe 3hhk Bcepepnm iHTepBajiiB (tj, tj + \) j — 1,... ,2n i piBHa Hyjno Ha 
iHTepBani (£*,, tk+i)- U,e 03Hanae, ipo cfjyHKpin Mae He 6ijiBm hdk 2n — 2 3Min 3Hany, ipo hcmo>kjihbo. 

Hexan X = W^_ 2 (M). OyHKpin </>(£) Mae 2 n HyjiiB, TOMy pjiH kojkhoto k — 1,... ,2n noxipHa L r \t) 
Mae o,n;HaKOBHH 3HaK Ha iHTepBajiax (£*, + %jr, 4 + op) i (£fc+i, tk+i + 

Hiopo \(p( r - 2 \tk)\ < M pjiH Bcix k — 1,, 2n, to (f>^(t) MafljKe bcioph BipMimm Bip Hyjin, a oTnce 
e KycKOBo cTajioio 3 2 n 3MiHaMH 3HaKy. ToMy b cnjiy (J4J) mh mohccmo BiiSpaTH e = ±1 Tan, m;o cjDyHKpin 
S(t) Mae He 6ijiBme 2n — 2 3Min 3HaKy, m;o He mojkjihbo. 

Hexail HaTypajiBHi nncjia k\ < k 2 Taxi, m;o |0 ( ' r_2 ^(£fci)| = |0( r_2 )(£ fe2 )| = M i |0( r ~ 2 )(£ fe )| < M, 
ki < k < fc 2 . To^;i 3By>KeHHH (J)yHKH;ii (t) Ha Bi,api30K [t ^, £fc 2 _i + «fc 2 -1] e KycKOBo jimiiiHoio 

4)yHKu;ieio, Ha KOvKHifl jiaHpi hkoi KyTOBHH Koec^ipieHT ^opiBHioe 1 a6o — 1, Ta nna 3MiHioe cBifl KyTOBHH 
Koe(J)iu,ieHT k 2 — k\ pa3iB. Bp^mIthmo, m;o ^( r_1 )(£ fel ) = 0( r_1 )(t fc2 ) = 0 i s* 1 ^(£fc 1 ) = s* = 0. 

KpiM toto, b cnjiy (]4j) 




Lqo (tk 




( 5 ) 


H,e o3Hanae, m;o axigo Si,, S m — pe Taxi mhojkhhh popaTHoi' Mipn, m;o 


1. Sj C [£fcj, £fe 2 ]j j 1; ■ ■ ■ j 

2. Hkhi;o x G , y G 5j + i, to x < y, j — 1,..., m -»■ 1; 

3. e(—1) J 5^ _1 ^(£) > 0, t G S'j, e = ±1, j = 1,..., m, 
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to m < k '2 — k\. Bijitme toto, hk ttt o b (JHJ) Mae Micpe piBHicTb, to Mo*Ha BHSpara e = ±1 Tax, ipo6 
rapaHTyBaTH HepiBHicTB m < k 2 — Ap — 1 — pjiH pboro pocTaTHbo b3hth e Tax, ipo6 Ha peHKOMy npoMi*Ky 
xycKOBo jimiftm cjDyHKpii Ta si r ^ MajiH opHaKOBHH KyroBHH Koec[)ipieHT. U,e o3HaHae, ip° cjDyHKpia 

!) (^) ( ri pH b i n noBi/THo BnSpaHOMy 3HaneHHi e) Mae He SijiBHie Hi* 2n — 1 3MiH 3Haxy, ipo HeMo*jniBo. 
npHiimjiH po cynepeHHOCTi 

BimapoK X = W^_ lr _ 2 (M, N) poBopiiTbca: aHajioriHHo. 

JleMy poBepeHo. 

IIoBepHeMocH po poBepeHHH JieMH [T] 

,H,oBepeMo, mo TOTo*Hiii Hyjib — pe epHHHft cnjiafm 3 S(X] A 2n ), mo 3apoBojibHHe HyjiBOBHM inrep- 
nojiapinmiM yMOBaM. IIpHnycTHMo cynpoTHBHe, Hexafi HeHyjiBOBHH cnjiaHH s(t) G S(X; A 2n ,) TaKHH, mo 
s(rfc) = 0, k — 1,..., 2n. Ane Topi pjin 6ypb-HKoro A 6 1 A sfa) = 0, k — 1,..., 2 n, mo cynepenHTb 
jieMi [2j 

»S(X;A 2ti ) e jiimfiHHM npocTopoM po3MipHocTi 2 n. Hexafi ipi, ■ ■ ■ ,ip 2 n — peHKHH 6a3nc npocTopy 
A 2n ). Topi poBijiBHini X - cnjiaHH s(t) G S(X] A 2n ) Mo*Ha npepcTaBHTH y BHrjiapi s(t) = 

2 n 

Y2 c kWk(t) ■ 3Haxop*eHHH iHTepnojiapiHHoro cnjiaflHa 3 bophtbch po po3B’H3Ky chctcmh 2 n jiimfiHHx 
k= 1 

2 n 

piBHHHB c k' l Pk( T j) = Uji j = 1, - - - , 2 71 BipHOCHO napaMCTpiB Cfc, k = 1,...,2 n, mo BH3HaHaiOTB 
k =1 

cnjiaHH. OcxijiBKH TOTo*Hifi Hyjib — pe epi-im-m cnjiafiH 3 iS'(A;A 2re ), mo 3apoBojibH5ie HyjibOBHM m- 
TepnojiHpiiiHHM yMOBaM, to opHopipHa cucTeMa piBHHHb Mae TijibKH HyjibOBHft po3b’h30k. D,e o3Hanae, 
mo npn poBijibHHx Hiicjiax yk, k = 1,... ,2n BipnoBipHa HeopHopipHa cncTeMa Mae epHHHfl po3b’h3ok. 
JleMy poBepeHo. 

03HaneHHH 8 JJaji KAacy X 2 tc - nepioduuuux duripepenymoenux fiyuKyiu noKAadeMo 

X' := {x\t): x(t) G X}. 

TeopeMa 2 Hexau X no3uauae oduu 3 KAacie W^_ x r _ 2 (M, N), W^_ X (M) a6o W^_ 2 (M). Hexau 3adano 
cjjyHKyiA x(t) G I i hucacl U\ < u 2 < ■ ■ ■ < U 2 n < U\ + 2n, u = (mi, ... ,« 2 n)- Hexau A 2n : t\ < t 2 < 
... < tin < 2n + ti — ey3AU X - ideaAUHoeo cnAauua 0(X; u), u^o dopieume nyAto e mounax u\,..., w 2ri . 
Todi icnye edunuu X' - cnAailH s(t ) G S(X', A 2n ) maKuu, u^o s(uk) = x{uk), k = 1,..., 2 n. 

OyHKpin 4>'(X] u ) e X' - ipeajibHHM cnjiaflHOM, mo Mae 2 n HyniB. ToMy po36iitth A 2n e X' - Hop- 
MajibHHM. KpiM toto, iHTepnojiHpifmi By3JiH w 2n e hvjihmh 4)yHKpi’i 0(A;w), a OT*e b cnjiy 

TeopeMH Pojijih po3TamoBaHi Mi* HyjiHMH X' - ipeajibHoro cnjiaflHa cj)'(X]u). Il,e o3Hanae, mo bh- 
KOHyioTbCH yMOBH jieMH [U 3 hkoi mh oppa3y oTpHMyeMo icHyBaHHH (i epHHicTb) myKaHoro cnjiaflHa 
s(t) G S(X', A 2n ), mo iHTepnojuoe (JiyHKpiio x(t) b Tonxax u \,..., u 2n ■ TeopeMy poBepeHo. 

3ayBa*eHHH 2 B yMoeax meopeMulE cnAailH s(t) G S(X', A 2n ), akuu mmepnoAwe fiyuKyim x e 
mouKax u, mu 6ydeMo no3uauamu uepe3 s(x. u\ t ) = s(X', x, u; t). KpiM moso, cnAailH s(t ) G S(X’, A 2n ) ; 
ino mrnepnoAwe 3HaneHHA v = (m, ■ ■ ■, v 2n ) e monnax u, mu 6ydeMO no3uauamu s( X', it, v; t ). 

4 EKCTpeMajibHi BJiacTHBOCTi i^eajibHHX cnjiaHHiB 

X - ipeajibHi cnjiaHHH MaioTb HacTynHy excTpeMajibHy BjiacTHBicTb. 
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TeopeMa 3 Hexau X no3uauae oduu 3 KAacie W0 lr _ 2 (M,N), W J T_ 1 (M) a6o W^_ 2 (M). Hexau 3adauo 
HamypaAbHe hucao n G N i hucao 0 < u\ < it 2 < ■ ■ ■ < tt 2 n < 27T, u = (iti,... , it 2n ). Todi 3aa ecix 
x G X i t G [0,27r) 

|x(t) — s(X', x, it; i)| < |0(X, w,t )|. 

npnnycTHMO cynpoTHBHe, Hexafi: icHye Tonxa 4 G [0, 27 t) Taxa, mp | x(t*)—s(X', x, it; 4)| > \(j)(X, it; 4)|. 
Tom icHye hhcjio A G (—1,1) Taxe, mo X(x(t*) — s(X', x, it; t*)) = <f>(X, it; t*). 

IIoKjiafleMo 5{t) := Xx(t) — Xs(X', x, it; t)—<j>(X, it; t). Oymapa 5(t) Mae 2n+l HyjiB: tohxh iti,..., it 2ri 
i Tonxa 4. 

^jih cKoponeHHa no3HaHeHB y ^oBefleHHi uie’i TeopeMH 3aMicTB (p(X, it; t) 6yn;eMo mica™ npocTo <f)(t), 
3aMicTB s(X',x,u ; t) — npocTo s(t). 

Hexafi X = W;_ X {M). 

B cHjiy TeopeMH Pojijih cJiyHxmH 5( r_1 '(£) Mae He MeHme hex 2 n + 1 3MiH 3Haxy. 

Hexafi k G {1, 2,..., 2n}. Mh MoxceMo BBatscaTH, mp 0 r \t) = 1 Ha iHTepBajii (4,4 + a*,), otk G 
[0,4+i - 4] i </> (r) (X) = 0 Ha iHTepBajii (4 + ctfc,4+i)- Tom ^ r ^(i) + As*- 7, ^(i) e JiimflHoio 3 

xyTOBHM KoecJiipieHTOM 1 Ha iHTepBajii (4,4+ a fc) i (f)^ r ~ 1 0t)+Xs^ r ^ 1 \t) = M Ha iHTepBajii (4+am 4+i)- 
BpaxoByioHH Te, nip x(t) G W£_i(M), mii oTpimyeMo, mo |Ax^(£)| < 1 i |Aam _1 )(t)| < M fljia Mafixce 
Bcix t. H,e o3Hanae, mo < 0 Ha iHTepBajii (4 + «fc,4+i) i (JjyHKiiia Mae He SijiBine 

Hbx oppy 3MiHy 3Haxy Ha iHTepBajii (4,4 + «&), npHHOMy axmo (JiyHKpisi 3MiHioe 3Hax Ha 

iHTepBajii (4,4 + £4,), TO T1 - H 3Mma 3Haxy 3 ’’njiioc” Ha ’Vimyc”. TaxiiM hiihom Ha xoixHOMy npoMhxxy 
(4,4+i) Mine By3JiaMH cnjiafiHa 4>(t) (jiyHKmn Mae He SijiBine hdr oppy 3MiHy 3Haxa, i, xpiM toto, 

hx ttt o Ha xoixHOMy 3 npoMiixxiB (4,4+i) i (4+1, 4 + 2 ) (JiyHxpia m r_1 ) Mae no opm® 3MiHi 3Haxy, to up 
cJiyHxnm He Mae 3MiHH 3Haxy b tohip 4+1 ■ OTixe < 2 n. npHfimjiH po cynepemiocTi. TeopeMy 

y BHnaflxy, xojih X = H / r r _ 1 (M), poBepeHo. 

Hexafi X = W;_ 2 {M). 

npnnycTHMO, mo |</>^ r_2 ^(t)| < M Ha Bmpi3xy [0,27 t]. Tom mna xojxhoto k = 1,...,2 n cjiyHxmH 
( 0 r ~ 1 \t ) + Xs^ r ~ l \t) e jiimflHoio 3 xyTOBHM xoecjimieHTOM ±1 Ha iHTepBajii 4±2±4±i j _ npHHOMy 

Ha cyciynix iHTepBajiax Bxa3aHoro BH^y xyTOBi KOf'tJiiriieiiTii MaioTB npoTiuiencHi 3Haxn. H,e 03iia T iae, 
mo Ha xoixHOMy iHTepBajii ( ^ k+1 + tk ; 4±2+4 ±i[) (JiyHxms 5( r_1 ^(t) Mae He SijiBin Hixc o^Hy 3Mmy 3Haxy, 
npimoMy 3 ’’njiioc” Ha ”Mmyc”, axmo xyTOBiifi xoecjimieHT ,ri;opiBHioe 1 i 3 ”Mmyc” Ha ’’njiioc”, axmo 
xyTOBHfi xoecJ)iij,ieHT flopiBHioe —1. 3Bmcn mh oTpHMyeMo, mo z/(<5 ( ' r ' -1 ' ) ) < 2 n, mo HeMoxcjiHBo. 

TaxiiM hiihom max |</>( r ~ 2 )(t)| = M. 3 TeopeMH Pojijih cjimye, mo (JjyHxpis A^ r_2 ^(t) Mae He MeHme 

te[0,27r] 

2n + 1 3MiH 3Haxy. 

Hexafi Bmpi3ox [a, 0] C K. Taxufl, mo 

\<t>^- 2 \a)\ = \^- 2 \p)\ = M (6) 

i 

|0<’- 2 >(()| <M, (e(«,J). (7) 

MoixeMo BBaixaTii, mo a — to < ti < ... < ti_ 1 < (3 — Bci By3Jin W^_ 2 (M) - meajiBHoro cnjiafiHa 
<p(t) Ha iHTepBajii \ot,@) (y Biina^xy HeoSxmHOCTi MoixeMO nepeHyMepyBaTH By3Jin). noxjiafleMO ti := /3 
(hhcjio ti Moixe 6yTii By3JioM 0(t), a Moixe im He GyTii). noxaixeMo, mo v (A^ r_2 \ [a, /3]) < l. BI^mIthmo, 
mo B CHJiy © i o3HaHeHHH W0 2 (M) - meajiBHiix cnjiafiHiB (|iyHxnin q A r ) Bi^MiHHa Bm HyjiH Mafiixe 

Boom 1 Ha ( a , j3). 

Be3 3MeHmeHHa 3arajiBHocTi MoixeMo BBa>xaTii, mo 

(0 r ~ 2 \a) — -M. (8) 
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noKjia^eMO g 0 := to, Qk ■= tk 2 + * fe , k = l,...,l, q w = t h 0(f) := 0(f) + A s(f). 

B CHjiy noSy^OBH (Jaymcpifi 0 i s i piBHOCTi (JSJ) Ha iHTepBajii (q^, qu+i) 

^ r \t) = (-l) k ,k = 0,l,...,l. (9) 

OcKijIBKH 

||Aa; (r) || 00 <l, ( 10 ) 

to Ha KOJKHOMy 3 npoMixcKiB (g*., qk+i) (JjyHKiim m -1 ) Monce 3MiHioBaTH 3HaK He 6 ijiBine hdk omni pa3, 
npiiHOMy 3 ’’njiioc” Ha ’Vimyc” npii napmix k i 3 ’Vimyc” Ha ’’njnoc” npn Henapmix k, k = 0,..., l. TaKHM 
hhhom v [a, 0]) < l + 1. U,e o3Hanae, ru;o v (5( r ~ 2 \ [a, /?])</ + 2. 

IIpHnycTHMo, m;o v (<0 r_2 ), [a, 0]) —1 + 2. Tom icHyioTB tohkh a < 77 < r 2 < ... < r ; +2 < 0 Taxi, 
mo jO --2 )^) = 5( r_ 2 )(r 2 ) = ... = f> (r_ 2 ) (r i+2 ) = 0 i (b cnjiy (jSJ)) (—l) fc <5^ _ 1 ^(r fc ) > 0 , k — 1 ,..., l + 2 . 
H,e 03Hanae, mo v [a,0]) — l + 1 i neprna 3Mma 3HaKy <0 r_1 ) Ha Bmpi3Ky [a,0] BmOyBaeTBca 3 

”MiHyc” Ha ’’njiioc”, mo HeMoxcniiBo. TaKHM hhhom v (<0 r ' 2 \ [ a , /?])<£ + 1 - 
IIpHnycTHMo, mo v (<0 r ” 2 0 [ct,0]) =1 + 1. BpaxoByronn (jHJ) OTpuMaeMO, mo 

(_1 )V r " 2 ) ( 0 ) < 0 . ( 11 ) 

KpiM toto, 4)yHKu;iH <0 r_ 1 )(f) 3MiHioe 3HaK He Me mn e l pa3, npHHOMy nepma 3MiHa 3HaKy 3 ”Mmyc” 
Ha ’’njiioc”. LI,e 03Hanae, mo icHye TOHKa r G (qi,qi+ i) Tana, mo (—1 ) z 5^ _ 1 - > (t) < 0. Ockutbkh BHKOHy- 
IOTBCH eniBB l JT HOTTTeHHH (J9]) i m, TO (-l)^ (r 1 ) (/5) < 0. Ajie 3BmCH B CHJiy ©, (JED i (HU) cjimye, mo 
||^( T '~ 2 ' ) ||oo > M, mo HeMOJKjiHBo. U,e o3Hanae, mo v (8^ r ~ 2 \ [a, 0 \)< l , a oT>Ke v (0( r 2 )) < 2 n. IIpHHmjiH 
flo cynepenHocTi. TeopeMy y BHna^Ky, kojiii X = W0_ 2 (M), flOBefleHo. 

BnnaflOK, kojiii X = W ^_, r _ 2 (M, N ) MoxcHa ^oBecTii aHajiorinHo ro BHna^Ky X = W£_ 2 (M). 

TeopeMa 4 Hexau X no3Hauae oduu 3 KAacie W^_ 1 r _ 2 (M, N), W£_i(M) a6o W£_ 2 (M). Hexau 3a- 
dauo namypaAbHe hucao n G N i hucao 0 < U\ < u 2 < ■ ■. < u 2n < 2n, u := (ui ,..., ti 2n ), u* : = 

(o, ..., ^ 2n ~ 1 ’ >7r j ■ Todi AKiqo u ^ u *, mo 

U(X,u)\\ 00 >U(X 1 u*)\\o 0 . 


/(oBefleMo TeopeMy y BHna^Ky, kojiii X = W^_ 2 {M). iHini BHna^KH ^obo^htbch aHajioriHHo. J\jis cko- 
poHeHHH 3annciB 6y^;eMo 3aMicTb (f>(X,u ) micara 0 (m). 

BmMiTHMO, mo r}jyHKn,iH (j)(u*) e — nepio^HHHoio i, KpiM toto, cnpaBe^jiiiBa piBHicTB 0 (m*; t) = 
~4>(u*-,t + ^). 

IIpiinycTiiMO cynpoTHBHe. Hexaii u ^ u* i 


||0(m)||oo < ||0(u*)||oo- (12) 

Tom Sy^B-HKoro 7 G M 

z/(±0(m; 7 + •) - 0(m*; •)) > 2n. (13) 

Mo>KJiHBi 7 Ba Biina^KH. 

BunadoK 1. Hexaii ||0( r ^ 2 )(-u*; -)||oo = M. Be 3 3 MeHmeHHH 3 arajibHocTi MonceMo BBancaTH, mo cjiyHK- 
u,ia 0 ( - r ^ 2 )(tt*; t) 3pocTae Ha Bmpi3Ky [0, - — a], nocTiima Ha [- — a, -], cnaflae Ha [-, — — a] i nocTiima 
Ha — a, —], ,n;e a > 0. 3a 03HaHeHHHM W^_ 2 (M) - meajiBHoro cnjiafiHa 




M, t € 


7T 

- a 

in 



2i r 27r 

n ’ n 


(14) 
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Hexafi t\ < t 2 < ... < t 2n +i 27t + t\ — By3JiH W^_ 2 (M) - ipeajibHoro cnjiaHHa 0(w;t). Hexafi 
mpeicc i G {1,2,...,2 n} Tamm, mo U + i — U > -■ Be3 3MeHmeHHa 3arajit.HocTi MoxceMo BBancaTH, 
mo (j)^ r ~ 2 \u\t) He cnapae Ha npoMi>KKy [tj,i i+1 ]. Tom icHye hhcjio (3 > a Taxe, mo (j)^ r ~ 2 \u; t) 3poc- 
Tae Ha npoMiacKy \t^t i+1 — /?] i (m; t) = M Ha npoMi>KKy [tj+i — f3,t i+ 1 ]. Po3rjmHeMO (JwHKpiro 

8(t ) := ^ r ~ 2 \u\t — ti) — (j^ r ~ 2 \u*\t). 3 (Tl3l) BiinjiHBae, mo v{8) > 2rz. BipMiTHMO, mo 3ByjKeHHH 


({jyHKpii <p(X, u*) Ha Bippi30K 


kir (k+l)ir 


— a 


, k G Z, cniBnapae 3i 3By>KeHHHM Ha pen Bippi30K Bipno- 


B in Ho nipiSpaHoro ipeajibHoro cnjiaHHa Efuiepa. ToMy 3 TeopeMH nopiBHHHHH KojiMoropoBa (phb. [7]) 

— a <{>yHKu;iH 5(t) Monce MaTH He SijiBme hdk opHy 3Mmy 3Ha- 


BHnjiHBae, mo Ha Bippi3Ky 


kir (fc-hl)7T 


Ka (npHHOMy 3 ’’njiioc” Ha ”Mmyc”, hk ttt o ^ r ^ l \u*]t) HeBip’eMHa Ha pnoMy npoMinticy i 3 ”Mmyc” Ha 
’’njiioc”, HKipo HepopaTHa). Tenep, BpaxoByionii (fT4l) i cHMeTpif (JiyHKpii <j)(u *; t), mh oTpnMaeMo, mo Ha 
KOJKHOMy 3 npoMiacKiB 3HaKonocTiHHocTi ({tyHKpii ) 4)yHKpia 5(t) Moxce MaTH He 6ijiBine hdk 

opHy 3Mipy 3HaKa, ripHHOMy 3 ’’njiioc” Ha ”Mmyc” Ha npoMi>KKax HeBip’eMHOCTi (f)( r ~ l \u *; t) i 3 ’Viipyc” 
Ha ’’njiioc” Ha npoMijKKax HepopaTHocTi 0( r-1 )(u*; t). Ajie [t l+ 1 — — /3, t l+ \ — U] D [- — a, -] i 5(t) > 0 

pjiH Bcix t G [t l+ i — ti — /3,ti + 1 — ti]. D,e 03Hanae, mo c[)yHKpiH 5(t) He Mae 3MiH 3HaKy Ha npoMiacKy 
[0, ^]. Ajie Topi u(5) < 2n — 1. EtpHnnuiH po cynepemiocTi. 

Bunadon 2. Hexaft || -)lloo < A/. Topi </>(«*; t) — ipeajiBHi-m cnjiaiiH Efijiepa. 3 (1T21) i TeopeMH 
nopiBHHHHH KojiMoropoBa BHnjiHBae, mo 


ll^ 2 ) («;-)IU< lk <r_a) K;-)ll~< m . 


L[e o3Hanae, mo \(j)^ r \u] = 1 Mannce bcioph Ha [0,2-7r]. 

Hexail ti < t 2 < ... < t 2n+ i := 2 tt + ti — By 3 JiH W r r _ 2 (M) - ipeajiBHoro cnjiaHHa t). Topi icHye 
mpeKC j G {1,2,..., 2 n} Tamm, mo U + \ —ti>~. Topi Monma BiiGpaTH 3cyB </>(u; 7 + •) (J)yHKpii 0(w; t) 
Tax, m° v(4>^{u] 7 + •) — 4>( r \u*\ •)) < 2n — 1. Ajie pe cynepemiTB (TTTH) . TeopeMy poBepeHo. 


5 3a,i];aHi HaHKpam,oro Bi^HOBJieHHH 

/{jih po3B H3Ky 3apani Q] riaM 3Hapo6nTBCH HacTynHa jieMa. 

JleMa 3 Hexau X 7io3Hanae odun 3 KAacie W£_ lr _ 2 (M, N), W ? T_ 1 (M) a6o W£_ 2 (M). Hexail 3adano 
uucAa 0 < Ui < u 2 < ... < u 2n < 2n, u := (ui ,..., u 2n ) i r G [0, 2tt). Todi 

E(X, u, t) = sup : x £ X, x(uk) — 0, k — 1,..., 2 n} . 


BipMiTHMo, mo KjiacH Wl_ x (Af), W^_ 2 (M) a6o lVf _ 1 r _ 2 (M, N) e onyKjiHMH i peHTpajiBHo-cHMeTpiiHHHMH. 
ToMy cepep onTHMajibHHx MeTopiB BipHOBjieHHH icHye jiimHHHH (phb. [IT]). LI,e o3Hauae, mo 

Ckx(u k ) I , 


2 n 


E(X, u, t) = inf sup 
xex 


x (r. 


-E 

k =1 


pe TOHHa hiivkhh Meuca SepeTBCH no BciM BeKTopaM (m,..., c 2n ) G M 2n . 

Kjiac X MOJKHa npepcTaBHTH y HacTynHOMy BHrjiapi: X = {x G L^: p(x) < 1}, pe 

p(x) = max 
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r-Wl 


(r-2)| 


y Bima^Ky, kojih X = K / ) T_ 1 (M); p{x) = max |||a; Moo ,- 

p(x ) = max < ||x^||oo, - 


y Bima^Ky, kojih X = WJ_ 2 (M) i 


r (. r ~ 1 ) II II 2 ) || 

II oo 11 ^ 11 oo 


N 


M 


y BHna, 7T Ky, kojih X = WJ_ lr _ 2 (M, N). BypviiTHMO, m;o y Bcix Tpnox BHna^Kax cjiyHKpiH p(x) flOflaTHO 
o^Hopi^Ha i naniBapiiTHBiia. 

Tenep, aacTocoByromi MipKyBaHHH aHajiormm flo flOBeflemm TeopeMH 1.3.4 MOHorpacJm [9] (tIjibkh 
noTpifmo 3acTocyBaTH 6ijibm 3arajiBHe (|)opMyjiK)BannH TeopeMH XaHa-BaHaxa, ;ihb., Hanp., rjiaBa 3 § 2 
b MOHorpacJm ®), oTpHMyeMo cnpaBe^jiHBicTB TBep^jKeHHH jieMH. JleMy flOBefleHo. 

3 jieMH [3] i TeopeM [2] i |3] OTpHMyeMo posB/nsoK sap;a'ii [I] 

TeopeMa 5 Hexau X no3Hauae odun 3 KAacie WJ_ lr _ 2 (M,N), WJJ_ 1 (M) a6o WJ_ 2 (M). Hexau 3adauo 
HUCAa 0 < U\ < U 2 < • • • < U 2 n < 27T, U \= {u\, . . . , U2n) !T6 [0, 2n). Todl 


E{X, u, t) = \<!>(X,u\t)\. 

HauKpaiu,uM MemodoM eiduoejieHHH y 3adani [ 7 ] e Memod 

®(vi, • • .,v 2n ) = s(X',u,v ; t). 
3 TeopeM H Eli 03 OTpHMyeMo po3b’h3qk 3aflani [21 


TeopeMa 6 Hexau X no3nauae odun 3 KAacie WJ_ X r _ 2 (M, N), WJJ_ X (M) a6o WJ_ 2 (M). Hexau 3adauo 
HUCAa 0 < U\ < u 2 < • • • < u 2n < 2jt, u := (wi,..., u 2n ) i P G [1, oo]. Todi 

E(X,u, ||.|| P ) = ||^(X, U ;.)|| P . 

HaunpaipuM MemodoM eidnoeAenuA y 3adaui [H e Memod 

'&(V 1 ,...,V 2 n ) = s(X', U, V] t). 


3 TeopeM |4] i [HI OTpHMyeMo HacTynHy TeopeMy. 


TeopeMa 7 Hexau X no3Hanae odun 3 KAacie WJ_ X r _ 2 (M, N), WJ_ X (M) a6o WJ_ 2 (M). Hexau u* : = 


D — — 

5 n . 5 n. 5 * * ‘ 5 


(2n—l)7r 


Todi 


E(X, || • Hoo) := e(X,u*, || • H^), 

modmo HauKpau^om intfiopMayiuHom mhochcuhoio (y eunadKy pienoMipnoi MempuKu) e pieuoMipue po3- 
6ummA eidpi3Ky [0,27t]. 
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